Summary The radiation and heat sensitivity of cells from two melanin-rich, slowly growing human melanoma xenografts (B.E. and R.A.) 
A wide variety of transplantable tumours of small rodents is currently used as models for human tumours in experimental cancer therapy research (Denekamp, 1979) . Most of these tumours have volume-doubling times in the range 1-10 days (Steel, 1977) , while the volume-doubling time of human tumours is usually in the range 10-200 days (Steel, 1977; Tubiana 1971; . There is some evidence from clinical investigations that slowly growing tumours respond more poorly to radiation therapy and chemotherapy than do rapidly growing tumours (Breur, 1966; Malaise et al., 1972; 1974; Tubiana & Malaise, 1976; Tubiana et al., 1975; .
Conclusions drawn from therapy experiments with rapidly growing rodent tumours may therefore not be representative for human cancer. Consequently, there is a considerable need for experimental data obtained on slowly growing tumours.
Human tumour xenografts, grown in congenitally athymic mice or in immune-suppressed mice, usually show longer volume-doubling times than most transplantable rodent tumours. Previously, the response to radiation (Rofstad & Brustad, 1981) and hyperthermia of five human melanoma xenografts was studied in detail at our institute. The volume-doubling times of these tumours were in the range 4.2-21.6 days (V= 200mm3) . Since these volume-doubling times are also shorter than those reported for most tumours in man, we have tried to establish other human melanoma xenografts with still slower growth. Two of the melanomas which were transplanted to athymic mice, may be of special interest in experimental cancer therapy for two reasons: Firstly, these melanomas have shown stable growth at a relatively low growth rate for several passages. Secondly, cells from the melanomas are able to form colonies when seeded in soft agar.
The purpose of the present work was to study the growth rate of these two melanoma xenografts as well as the intrinsic radiation and heat sensitivity of cells from the xenografts when treated under in vitro conditions. These radiation and heat sensitivities are discussed in relation to those of cells from rapidly growing melanoma xenografts and melanoma cells in culture.
Materials and methods

Mice and tumours
Female BALB/c/nu/nu/BOM mice, kept under specific pathogen-free (SPF) conditions, were used.
Two human melanomas (B.E. and R.A.) derived from metastases of patients at The Norwegian Radium Hospital were studied in the present work. The melanomas were transplanted into athymic mice without previous adaptation to in vitro culture conditions. The two parent metastases were similar histologically. Both cells and nuclei varied greatly in size and shape, and some mitoses were seen. The cells contained large quantities of melanin.
The (Laird, 1964; 1965) : 
Heating
Single cell suspensions were kept during heating in glass tubes with ground glass stoppers. Stopcock grease was applied in the joints to make the tubes gas-tight. Immediately before heating, the tubes were flushed (5% CO2 in air) and carefully sealed.
The pH of the cell suspensions was 7.4. The tubes were immersed in a thermostatically regulated water-bath during the heat exposure. The cell suspensions reached the temperature in the waterbath within 4min. The tubes were agitated during the heating to keep the cells suspended.
In vitro colony assay The colony forming ability of the cells was measured by using the soft agar colony assay developed by . The soft agar was prepared from powdered agar (Bacto agar, Difco), suspensions of melanoma cells, and erythrocytes from August rats according to the procedure described previously (Rofstad, 1981) . The plating efficiency was significantly enhanced in the presence of erythrocytes, probably because a growth factor was released from the cells . Aliquots of 1 ml of soft agar with the appropriate concentration of melanoma cells were seeded in plastic tubes (Falcon 2057 tubes). The cells were incubated at 37°C for 25-32 days in an atmosphere of 5% 02, 5% CO2 and 90% N2. At that time the colonies had reached a mean diameter of -250rim, indicating that the cells proliferate slowly in the soft agar. Culture medium (2ml) was added 5 days after seeding and changed weekly. Colonies were counted by the use of a stereomicroscope. Cells giving rise to colonies >50 cells were scored as surviving. The plating efficiency of cells from both melanomas was in the range 1-5%. The effect of "feeder" cells on cell survival was measured by adding 105 heavily irradiated cells (10OGy) to each tube. Cells from the same tumours as those used in the survival experiments were used as "feeder" cells. Details of the experimental procedure are reported elsewhere (Rofstad, 1981) .
Results
The volumetric growth data for both xenografts were well fitted by Gompertz curves (Figure 1 ). The Gompertz parameters are presented in Table I (Table I) . Growth experiments in vitro showed that addition of heavily irradiated "feeder" cells did not influence the surviving fractions measured for the B.E. melanoma, either the cells were exposed to radiation or heat. Thus, "feeder" cells were not used routinely in the survival experiments with this melanoma. On the other hand, the surviving fractions measured for the R.A. melanoma after exposure to X-rays were lower in the presence than in the absence of "feeder" cells (Figure 2 ), mainly because of higher plating efficiency when "feeder" cells were present. Complete survival curves with and without the use of "feeder" cells were therefore established for cells from the R.A. melanoma also when heated at 44.5°C. The number of colonies was always higher in the presence of heavily irradiated "feeder" cells but the survival levels were not significantly different. This observation indicates that in experiments where "feeder" cells were not used, cells inactivated by heat did not stimulate colony formation as did cells inactivated by radiation. Thus, heat survival curves at 42.5 and 43.5°C were established in the absence of "feeder" cells only. The large differences between the surviving fractions measured in the presence and the absence of heavily irradiated cells for the R.A. melanoma exposed to X-rays (Figure 2 ) demonstrate the necessity of investigating the effects of "feeder" cells when colony forming ability of cells from human tumour xenografts is studied by the soft agar technique.
X-ray survival curves for the two melanoma xenografts are presented in Figure 2 . Exponential curves were fltted to the data in the dose range 4.0-12.0 Gy. The D0-values were found to be 1.09+0.14 Gy (B.E.) and 1.23 + 0.08 Gy (R.A.). The parameters of the survival curves are summarized in Table II. Figure 3 shows heat survival curves for the B.E. and the R.A. melanomas. The data at 43.5 and 44.5°C are clearly consistent with survival curves exhibiting an initial shoulder, while the cell survival at 42.5°C does not appear to deviate from exponential kinetics. Exponential curves were fitted to the data by the method of least squares. For the R.A. melanoma all data were included in the regression analysis, while for the B.E. melanoma the data at 30min (44.5°C) and 60min (43.5°C) were found to be in the shoulder region and were not included in the analysis. The criteria used to define the shoulder and the exponential regions of the curves have been described in detail previously (Rofstad & Brustad, 1983) . Survival curve parameters after heat treatment are presented in Table III .
The heat inactivation data for the B.E. and the R.A. melanomas are presented in an Arrhenius plot in Figure 4 together with the Arrhenius curve for the E.E. melanoma. The E.E. melanoma is a human tumour xenograft which has been maintained in athymic mice for several years by using the same transplantation technique as that described for the B.E. and the R.A. melanomas. The origin and some biological characteristics of this xenograft have been reported previously (Rofstad et al., 1980; Solesvik et al., 1982) . The E.E. melanoma is a rapidly growing tumour with a volume-doubling time of 4.4 days at V= 200 mm3. The Arrhenius curve for this melanoma was determined from 18 heat survival curves in the temperature range 41.5-45.5°C (Rofstad & Brustad, manuscript in preparation) and is presented without experimental points in Figure 4 Figure 4 Arrhenius plot for cells from human (Rofstad & Brustad, 1981 Weininger et al., 1978; Trott et al., 1981;  produced by ionizing radiation (McCord & Weichselbaum et al., 1982) . Some of the curves Fridovich, 1978; Oberley & Buettner, 1979) . Thus it were characterized by a broad shoulder (n =10-40) has been suggested that melanin-rich melanomas while others showed only a moderate one (n <10).
may be more radioresistant than amelanotic ones The D0-values ranged from 0.9 to 1.8 Gy. The HX (Doss & Memula, 1982) . Some experimental studies 34 melanoma cells, derived directly from a support this view (Cobb, 1956 ) while others do not xenograft and irradiated in vitro, are probably the (Barranco et al., 1971) . Cells from the two melaninmost radioresistant human melanoma cells studied rich xenografts studied here are not radioresistant so far. The aerobic y-ray survival curve showed a compared with most other mammalian cells, and D0-value of 1.83 Gy and a Dq-value of 2.16 Gy since the survival curve parameters were in the (Smith et al., 1978) . Previously, we have established same range as those for the amelanotic xenografts, X-ray survival curves in vitro of cells from five the present work indicates that a possible human melanoma xenografts with volume-doubling radioprotective effect of melanin is of little times ranging from 4.2 to 21.6 days (V=200mm3) importance for the radiosensitivity of melanoma (Rofstad & Brustad, 1981) . The D0-values ranged cells. from 0.57 to 1.35 Gy, the Dq-values from 0.36 to The response to hyperthermic treatment of 2.68 Gy and the n-values from 1.4 to 78. The experimental and human tumours has been survival curve parameters for the present two slowly extensively studied lately (Hahn, 1982; Storm, 1983) . growing melanoma xenografts (Table II) (Kim et al., 1975; Gerweck, 1977) . However, side of the wide range of D0-values reported for little attention has been given to a possible cultured cells of different histological types. relationship between the hyperthermic response and Consequently, the present work indicates that the the rate of volume growth of tumours. Previously, intrinsic radiosensitivity of cells of slowly growing we have established heat survival curves at 42.5°C tumours is in the same range as that of cells of for the five melanoma xenografts mentioned above. rapidly growing tumours.
The experimental conditions were the same as in However, this conclusion does not mean that the the present work. The DO-values were found to therapeutic response in situ of melanomas cannot be range from 21 +3 min for the most sensitive melanoma to 590 + 100 min for the most resistant one (Table III) . Furthermore, Figure 4 shows that the heat sensitivity of the B.E. and the R.A. melanomas is not significantly different from that of the rapidly growing E.E. melanoma in the entire temperature range studied. In conclusion, the present results imply that there is no simple relationship between the growth rate of tumours and the intrinsic heat sensitivity of the tumour cells. 
